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Abstract

Recently there has been increasing interest and debate on the use of tranexamic acid

(TXA), an antifibrinolytic drug, in both traumatic andnon-traumatic intracranial hemor-

rhage. In this reviewweaim todiscuss recent investigations looking atTXA in traumatic

brain injury (TBI) anddifferent categories of spontaneous intracranial hemorrhage.We

also discuss differences between setting (hospital vs pre-hospital), dosing and timing

strategies, and other logistical challenges surrounding optimal use of TXA for iso-

lated intracranial hemorrhage. Last, we hope to provide guidance for clinicians when

considering the use of TXA in a patient with traumatic or non-traumatic intracranial

hemorrhage based on appraisal of the available literature as well as some potential

ideas for future research in this area.

1 INTRODUCTION

Intracranial hemorrhage encompasses any bleeding in the brain tis-

sue (ie, intraventricular and intraparenchymal) or the areas between

the skull and brain tissue (ie, epidural hematoma, subdural hematoma,

subarachnoid hemorrhage [SAH]), whereas intracerebral hemorrhage

(ICH) refers to bleeding that occurs only within the brain tissue.

Although the pathophysiology of spontaneous and traumatic intracra-

nial hemorrhage is substantially different, efforts to control and mini-

mize hematoma or hemorrhage size in both conditions have important

implications in terms of patient outcome.1–3

Excessive fibrinolysis, or hyperfibrinolysis, has been identified in

patients with spontaneous and traumatic intracranial hemorrhage

and may represent an approach to limit hematoma expansion and

improve patient outcomes.1–3 Fibrinolysis can briefly be described as a

normal physiological processmediated through activation of plasmino-
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gen designed to counterbalance clot formation.4 In hyperfibrinolysis,

excessive breakdown of hemostatic plugs can lead to rebleeding

and hematoma expansion. The incidence of hematoma expansion in

patients with intracranial hemorrhage secondary to traumatic brain

injury (TBI) are variable with a range of 11.3% to 51% depending

on timing of repeat computed tomography (CT) of the head, severity

of injury, and bleed location.5–8 Similarly, the incidence of hematoma

expansion after spontaneous ICH varies widely, ranging from 13%

to 38%.9 Although other mechanisms for hematoma expansion have

been reported, hyperfibrinolysis is commonly reported in patientswith

intracranial hemorrhagewith rates of up to37%.10 The incidenceof fib-

rinolysis in spontaneous ICH is poorly described; however, laboratory

evidence of fibrinolysis is frequently identified particularly in patients

with delayed cerebral ischemic events.11–13

Tranexamic acid (TXA) is an antifibrinolytic agent that exerts its

mechanism of action via antagonism of lysine binding sites on plas-

minogen thus preventing its interaction with fibrin,14 thus inhibiting

dissolution and degradation of fibrin clots by plasmin that shifts the
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balance toward clot stabilization.15,16 The use of TXA in surgical

patients has been extensively studied and has been shown to reduce

blood transfusion requirements; however, investigations of the effects

on other outcomes such asmortality and need for reoperation because

of bleeding have reported variable results.17,18 The Clinical Randomi-

sation of an Antifibrinolytic in Significant Haemorrhage 2 (CRASH)–2

trial was the first large-scale, randomized controlled study to demon-

strate a reduction in death from bleeding in TXA-treated trauma

patients with suspected hemorrhage.19 Since CRASH-2, several trials

have been conducted to further elucidate the effect of TXA on clini-

cal outcomes related to thosewith suspected or confirmed intracranial

hemorrhage secondary to TBI20–22 as well as other non-traumatic

forms of intracranial bleeding such as spontaneous ICH and SAH.23–26

The aim of this narrative review is to evaluate the efficacy and safety of

TXA in traumatic and spontaneous intracranial head injuries as well as

discuss several considerations with its use in these settings. This will

hopefully serve as a resource for clinicians and provide guidance for

decision-making processes regarding TXA administration for patients

presenting with head-related bleeding.

2 TXA USE IN TBI

The progression of TBI is a complex process that can be broken down

into primary and secondary injuries, the latter of which is attributed

tomolecular, chemical, and inflammatory cascades responsible for fur-

ther neuronal damage that may occur hours to days after the initial

injury.27 Therefore, the role of TXA is more relevant in the early stages

of TBI to help reduce or prevent intracranial bleeding and subsequent

negative sequelae.

The CRASH-2 trial reported that TXA significantly decreased all-

cause, 28-day, in-hospital mortality (14.5% vs 16%; RR, 0.91; 95%

confidence interval [CI], 0.85–0.97; P = 0.0035) and death attributed

to bleeding (4.9% vs 5.7%; relative risk [RR], 0.91; 95% CI, 0.76–0.96;

P = 0.0077) in trauma patients.19 The benefits of TXA on reducing

the risk of death from bleeding were most pronounced when admin-

istered within the first hour of injury (5.3% for TXA vs 7.7% for

placebo; RR, 0.68; 95% CI, 0.57–0.82; P < 0.0001), whereas treatment

given after 3 hours was associated with an increased risk of death

from bleeding (4.4% for TXA vs 3.1%; RR, 1.44; 95% CI, 1.12–1.84;

P = 0.004).28 In a prespecified subgroup analysis, there were no sig-

nificantmortality differences between groups based on initial Glasgow

Coma Scale (GCS) scores at randomization, although it is unclear how

many patients in each subgroup had intracranial bleeding or TBI versus

other causes of alteredmental status (eg, shock, medications, and illicit

drugs).28 A nested randomized controlled trial within CRASH-2 includ-

ing 270patientswithCT-confirmedTBI found that TXAwas associated

with a non-significant reduction in both total hemorrhage growth

and a decreased rate of new intracranial hemorrhage development.29

Despite the small sample size, the authors acknowledged that these

results could not exclude moderate benefits nor harmful effects of

TXA in patients with TBI given the low incidence of new focal cerebral

ischemic lesions in both groups.

A group of investigators in Thailand conducted a randomized con-

trolled trial in 238 patients with moderate to severe TBI either in

isolation or with concomitant polytrauma.30 In patients with mod-

erate to severe TBI, TXA did not significantly reduce progressive

intracranial hemorrhage comparedwith placebo, which was defined as

a new intracranial hemorrhage or increase in size by ≥25% from ini-

tial to repeat CT scan. Of note, the average time from injury onset to

enrollment in this trial was approximately 7 hours, which exceeds the

purported time window of benefit of 3 hours based on findings from

previous investigations of TXA.19,28,29,31 A meta-analysis by Weng et

al that included data from the Thailand study30 reported that TXA

administration was associated with a significant reduction in total ICH

growth,32 whichwas primarily driven by a separate study that enrolled

patients <3 hours from initial injury.33 Despite data suggesting that

there could be a beneficial effect of TXA reducing ICH expansion in

patients with TBI, individual trials up until the publication of the meta-

analysis by Weng et al were limited by small sample size and inclusion

of heterogeneous populations of patients with extracranial injuries in

addition to the presence of TBI.

The CRASH-3 study was a multinational, randomized controlled

trial designed to evaluate the efficacy of TXA compared with placebo

in reducing head injury–related death in patients with isolated TBI

(any CT-confirmed ICH without major extracranial bleeding or GCS

score of ≤12).34 There was no difference in the primary outcome of

head injury–related death in hospital within 28 days of injury between

those allocated to receive TXA versus placebo within 3 hours of injury

(18.5% vs 19.8%; RR, 0.94; 95% CI, 0.86–1.02), even after excluding

patients with a GCS score of 3 or bilateral unreactive pupils (12.5% vs

14.0%; RR, 0.89; 95% CI, 0.8–1.0). An a priori subgroup analyses

indicated that TXA led to a statistically significant reduction in head

injury–related deaths in those with mild to moderate TBI (GCS 9–15),

whereas therewerenodifferencesnoted in thosewith severeTBI (GCS

3–8) regardless of howearly treatmentwas initiated.Despite not being

supported by the primary analysis, the investigators concluded that

TXA treatment within 3 hours of injury reduced head injury–related

deaths. The message of this trial should be interpreted with caution

as TXA did not reduce mortality in the overall cohort, and it was only

in a subgroup analysis of patients with mild–moderate TBI, and even

then, the possibility of a type 1 error accounting for this difference

cannot be excluded. With respect to adverse effects, there was a simi-

lar incidence of vascular occlusive events and seizures in the TXA and

placebo groups in this study, thus suggesting that TXA is relatively safe

to use.

There have been several meta-analyses that have combined the

results of CRASH-3with previously discussed TXA trials, with one sug-

gesting clinical benefits with TXA35 and others finding no statistically

significant differences in any clinical outcomes.36,37 The reasons for

these differences aremultifaceted; however, some of the key elements

to consider when examining these pooled analyses include variation of

inclusion criteria (eg, patients with polytrauma vs isolated TBI only),

imbalances or incomplete reporting regarding baseline TBI severity,

inclusion of studies with high versus low risk of bias, and differences

in analytical methods (eg, using a fixed- vs random-effects model and
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sensitivity analyses). In addition, the inability to complete specific sub-

group analyses of patients who may benefit (eg, patients with mild

to moderate TBI) from TXA in these meta-analyses make it difficult

to exclude the possibility of improved outcomes in certain patient

populations with TBI.

3 PREHOSPITAL USE OF TXA IN PATIENTS
WITH TBI

Given the promising effects of TXA when administered closer to the

time of injury,19,20,31 it seems logical to hypothesize that prehospital

administration of TXA may confer improved clinical outcomes. Two

subsequent trials to the CRASH investigations examined the role of

prehospital administration of TXA in patients with TBI, one large ret-

rospective cohort study21 and the other a prospective randomized

controlled study.22

Bossers et al performed a retrospective analysis of prospectively

collected information from the Brain Injury: Prehospital Registry of

Outcome, Treatments, and Epidemiology of Cerebral Trauma (BRAIN-

PROTECT) database.21 Patients with suspected severe TBI based on

trauma mechanism and GCS score of ≤8 who were transported to 1 of

9 participating trauma centers were included in the analysis. Patients

with extracranial trauma were included in the analysis, and planned

subgroup analyses of patients with confirmed severe TBI and isolated

TBI were stated a priori. The dose of TXA was not standardized; how-

ever, most patients received a dose of 1 g (90% of patients). Patients

with isolated severe TBI who received any TXA in the prehospital set-

ting had higher mortality rates compared with patients who did not

receive TXA after adjustment for potential confounders (odds ratio

[OR], 2.05; 95% CI, 1.22–3.45; P = 0.007).21 No differences in mor-

tality after adjustment for potential confounders were noted between

those receiving or not receiving TXA in the overall cohort nor in those

with confirmed severe TBI. Although it was not feasible to obtain a CT-

confirmed diagnosis of TBI in the prehospital setting, a limitation of

this investigation was enrollment based primarily on GCS, which can

be affected by factors not specific to TBI, such as hypoxia, hypoten-

sion, and prescription or illicit drug use. In addition, allocation bias

may have preferentially given those with a more severe presentation a

higher likelihood of receiving TXA, which may be a factor affecting the

outcomes in this study.

Rowell et al performed a prospective, randomized controlled trial

assessing prehospital administration of TXA in patients aged 15 years

or older with moderate to severe TBI, a GCS score of ≤12, at least 1

reactive pupil, and a systolic blood pressure≥90mmHg.22 Participants

were randomly assigned to receive either a 1 g bolus plus an infusion of

1 g over 8 hours, a 2 g bolus plus placebo infusion, or placebo bolus and

infusion within 2 hours of injury. All boluses regardless of treatment

allocation were administered before hospital arrival via emergency

medical services personnel. There were no significant differences in

the primary outcome of favorable 6-month neurologic outcomes nor

secondary outcomes of 28-day mortality between the combined TXA

and placebo groups (14% vs 17%; P = 0.26).22 There are some impor-

tant considerations regarding the patients and methods between this

study and CRASH-3. Overall mortality was slightly lower but similar

in this investigation compared with that in CRASH-3 (≈19% overall

mortality)21.22,34 despite there being a higher proportion of patients

with severe TBI in the study by Rowell et al (GCS≥12 at baseline 3% vs

28%, respectively). In addition, only 58% of patients in the Rowell et al

trial had CT-confirmed intracranial hemorrhage on hospital admission,

whereas this was not explicitly reported in the CRASH-3 trial. Thus,

a considerable proportion of patients would likely have not benefited

from TXA administration in the absence of intracranial bleeding. This

underscores1of themany constraints of prehospital research,wherein

clinical diagnosis at randomization (in the field) may change on admis-

sion to the hospital. Another notable finding from this study was that

a higher proportion of individuals experienced witnessed seizures or

seizure-like activity in the TXA bolus-only group compared with the

bolus-maintenance and placebo groups (5%vs 2%vs 2%). Interestingly,

the adjusted difference in seizureswas statistically significant between

the bolus-only and bolus-maintenance group, and this finding deserves

further consideration. Although there has been ongoing debate about

the prehospital administration of TXA in those with TBI,38 the results

from this study do not currently support its routine administration in

those with isolated moderate–severe TBI. Table 1 summarizes the key

clinical trials that examined TXA use in patients with TBI.

4 TXA USE IN SPONTANEOUS ICH

Management of patients with spontaneous ICH has largely focused

on minimizing hematoma expansion, which is associated with neuro-

logic deterioration and poor patient outcomes.39 Current guidelines

recommend early intensive blood pressure lowering to a systolic blood

pressure <140 mmHg to limit hematoma expansion and potentially

improve functional neurological outcomes based on the results of the

Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage

Trial (INTERACT)-2 study.40–42 Observational trials of rapid admin-

istration of TXA in addition to blood pressure control demonstrated

benefits decreasing hematoma enlargement; however, prospective tri-

alswere limiteduntil recently.43,44 Renewed interest in theuseof early,

short-course TXA became more prevalent after the positive results of

other studies demonstrating benefit in specific cohorts or subgroups of

patients with non-surgical bleeding.19,20

Early prospective, randomized controlled trials were underpow-

ered to evaluate clinically important outcomes, so the focus was

often on hematoma expansion. Arumugam et al performed a single-

blinded, randomized controlled trial comparing hematoma growth in

patients with acute ICH within 8 hours of symptom onset treated

with either TXA or placebo.45 No differences in hematoma growth

were reported in the TXA group (10.64 mL at baseline vs 10.94 mL

at 24 hours; P = 0.313), whereas the placebo group experienced an

increase in hematoma volume. The Tranexamic Acid for Hyperacute

Primary Intracerebral Haemorrhage (TICH) trial, designed as a pilot

study to test the feasibility of performing the larger TICH-2 clinical

trial, was a double-blind, randomized controlled study comparing adult
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patients with acute spontaneous ICH within 24 hours of symptom

onset treated with either TXA or placebo.46 A non-significant differ-

ence in hematoma expansion was reported in 18.8% of patients in the

TXA group and 12.5% of patients in the placebo group with a similar

incidence of serious adverse events.

The TICH-2 trial was a double-blind, placebo-controlled, phase 3

trial of adult patientswith spontaneous ICHwithin 8 hours of symptom

onset at 124 hospitals in 12 countries.47 All patients received standard

care consisting of blood pressure–lowering treatment, neurosurgical

procedures, and venous thromboembolism prophylaxis according to

published clinical guidelines. There were no significant differences in

functional outcome at day 90 as assessed by themodified Rankin Scale

(mRS) between the TXA and placebo groups (ordinal OR, 0.88; 95% CI,

0.76–1.03; P = 0.11). Changes in hematoma volume from baseline to

24 hours were smaller in the TXA group comparedwith placebo aswas

the incidence of hematoma expansion. Death at day 7 was also lower

in the TXA group; however, 90-day mortality was similar. Prespecified

subgroup analysis indicated that patients with a mean systolic blood

pressure ≤170 mmHg who received TXA had better functional out-

comes at day 90 compared with placebo (OR, 0.73; 95% CI, 0.59–0.9).

Similarly, a post hoc analysis suggested that patients with a baseline

hematoma volume between 30 and 60 mL who received TXA had bet-

ter functional outcomes at day 90 compared with placebo (OR, 0.66;

95% CI, 0.44–0.98). Moreover, no differences in the primary outcome

at 90 days were noted when baseline hematoma volume was <30 mL

or>60mL.

Currently available data indicate that the greatest risk for

hematoma expansion after spontaneous ICH occurs within the

first fewhours after symptomonset, although approximately one-third

of patients will have hematoma expansion at some point after hospital

admission.48 Identifying patients at the highest risk for hematoma

expansion represents a targeted patient population that may benefit

from administration of TXA. One proposed biomarker for hematoma

expansion is the spot sign on CT angiography or contrast-enhanced CT,

which is presumed to represent an active leak of contrast-enhanced

blood into the area of the hematoma. The Spot Sign and Tranexamic

Acid on Preventing ICH Growth-AUStralasia study (STOP-AUST) was

a double-blind, randomized, phase 2 trial completed in 13 stroke

centers in 3 countries that compared outcomes of adult patients with

spontaneous ICH treated with TXA or matching placebo who had

contrast extravasation onCT angiography (ie, positive spot sign) within

4.5 hours of symptom onset and 1 hour of CT angiography.49 There

were no differences in the primary outcome, which was the incidence

of hematoma expansion (increase of hemorrhage volume >33% or

absolute increase of 6 mL) between the TXA and placebo groups

(44% vs 52%, respectively; OR, 0.72; 95%CI, 0.32–1.59; P= 0.41). Sec-

ondary outcomes including mRS at 90 days, death within 90 days, and

thromboembolic events were similar between the TXA and placebo

groups. The Tranexamic Acid for Acute Intracerebral Haemorrhage

Growth Based on Imaging Assessment (TRAIGE) trial had a similar

study design compared to the STOP-AUST trial but enrolled patients

up to 8 hours after symptom onset and included patients with blend

(seen as a blending of hypo- and hyperattenuating areas with clear

margins within the hematoma) or black hole (a circular hypoattenuat-

ing area within a hyperattenuating hematoma) sign on non-contrast

CT, which both represent potential imagingmarkers for patients at risk

for hematoma expansion.50 Similar to the STOP-AUST trial, therewere

no significant differences in the incidence of hematoma expansion

between TXA and placebo groups (40.4% vs 41.5%, respectively;

OR, 0.96; 95% CI, 0.52–1.77; P = 0.89) or other reported secondary

outcomes. Finally, a prespecified subgroup analysis of the TICH-2

trial evaluated whether the presence of a spot sign influenced the

efficacy of TXA.51 Hematoma expansion in patients with a positive

spot sign was similar in patients who received TXA and placebo.

Similar findings were reported in patients with spot sign negative

comparisons, suggesting that the presence or absence of a spot sign

did not influence the efficacy of TXA. Taken together, these results

indicate that targeted approaches to identify patients with a positive

spot sign are unlikely to influence the effectiveness of TXA.

A total of 2 meta-analyses evaluating various surrogate and clini-

cal outcomes in patients with spontaneous ICH have been published

recently.52,53 Bouillon-Minois et al evaluated ICH-related mortality by

combining the results of the TICH, TICH-2, and STOP-AUST trials.52

The authors reported that ICH-related mortality was similar between

patients who received TXA and placebo (RR, 1.02; 95% CI, 0.86–1.17).

Although the results from the TRAIGE trial were not included, it seems

unlikely that the conclusions would be different because there were

no significant differences in mortality reported in this trial.50 Another

meta-analysis by Gao et al evaluated hematoma rate and change in

hematoma volume from baseline in patients with spontaneous ICH.53

Results from 3 randomized controlled trials were included in the anal-

ysis but did not include data from the STOP-AUST or TRAIGE studies.

The authors reported that the rate of hematoma expansion (RR, 0.84;

95% CI, 0.74–0.97; P = 0.02) was significantly lower in the TXA

groups along with a trend in favor of TXA with respect to change

in hematoma volume from baseline (mean difference, −0.98; 95% CI,

−2.02 to 0.06; P=0.06). Collectively, thesemeta-analyses suggest that

TXA decreases the rate of hematoma expansion but does not impact

mortality rates.

5 TXA USE IN ANEURYSMAL SAH

Historically, antifibrinolytic therapy for aneurysmal SAH has been

extensively studied with initial reports using aminocaproic acid dating

back to 1967.54 TXA is the most studied antifibrinolytic agent studied

for this indication despiteUS Food andDrugAdministration–approved

product labeling listing the use of TXA as a contraindication in the

setting of SAH because of concerns related to cerebral edema and

infarction.55 Rebleeding after aneurysmal SAH is thought to be related

to dissolution or fibrinolysis of established clot at the site of the rup-

tured aneurysm. Although >50 studies on the use of antifibrinolytic

therapy in aneurysmal SAH have been studied, the interpretation of

early studies is limited by inconsistent therapeutic regimens, duration

of treatment, and issues related to poor study design (eg, uncontrolled,

open label, and unblinded).
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From a historical perspective, a Cochrane Review published in 2013

evaluated randomized trials comparing oral or intravenous antifib-

rinolytic agents to control in patients with aneurysmal SAH.56 The

authors identified 10 trials with substantial variation in the daily TXA

dose administered (range, 4–9 g) and duration of treatment (range

from 72 hours to up to 6 weeks). The rate of rebleeding at the end

of the observation period was significantly lower in patients treated

with antifibrinolytic agents compared with control (RR, 0.65; 95% CI,

0.44–0.97). However, the benefits of a lower bleeding rate were off-

set by a higher rate of cerebral ischemia in patients who received

antifibrinolytic agents compared with control (RR, 1.41; 95% CI, 1.04–

1.91). Poor patient outcomes defined as death, vegetative state, or

severe disability based on Glasgow Outcome Scale or mRS were sim-

ilar between patients who received antifibrinolytics and control as was

death attributed to any cause. Despite the lack of improvement in

functional outcomes and mortality, the Cochrane Review suggested

that limiting treatment duration to <72 hours as done in the ran-

domized controlled trial by Hillman et al may reduce the risk of

rebleeding without increasing the risk of delayed ischemic events.57

The study by Hillman et al in addition to others demonstrating ben-

efits of early, short-course TXA in different patient populations has

prompted additional research in patients with aneurysmal SAH.

The Ultra-Early Tranexamic Acid After Subarachnoid Haemorrhage

(ULTRA) trial was a randomized controlled, open-label trial with

masked outcome assessment conducted at 8 treatment centers and

16 referring hospitals in the Netherlands. Adult patients with CT-

confirmed SAH and symptom onset for <24 hours were randomly

assigned to receive either TXA 1 g bolus followed by continuous infu-

sion of 1 g every 8 hours for up to 24 hours or control.58 The incidence

of good clinical outcome was similar in patients randomly assigned to

TXA and control (60% vs 64%, respectively; OR, 0.87; 95% CI, 0.67–

1.13).However, patientswho receivedTXAhad lower rates of excellent

clinical outcomes compared with control (48% vs 56%, respectively;

OR, 0.74; 95% CI, 0.57–0.96). No differences in all-cause mortality at

30 days and 6 months or serious adverse events including rebleeding

rate, thromboembolic events, or seizures were reported.

A recently published systematic review and meta-analysis com-

pared several clinical outcomes of patients with aneurysmal SAH

treated with TXA or placebo.59 The authors reported no differences

in all-causemortality between patients who received TXA and placebo

or incidence of poor functional outcome. However, the authors did

report a significant a reduction in the rate of rebleeding in patients

treated with TXA compared with placebo (RR, 0.59; 95% CI, 0.43–

0.82;P=0.001). The previously citedmeta-analysis byBouillon-Minois

et al included an evaluation of patients with aneurysmal SAH and

reported that TXA significantly reduced mortality (RR, 0.72; 95% CI,

0.49–0.96).52 Variation in study inclusion (and exclusion) and differ-

ences inmethodology likely explain the discordant results between the

2 meta-analyses. In addition, interpretation of these meta-analyses is

difficult for several reasons, including moderate to substantial hetero-

geneity between studies alongwith variation in the timing of treatment

initiation, treatment duration, and TXA dose.60 TXA use in SAH and

spontaneous ICH can be reviewed in Table 1.

6 TXA DOSING AND ADMINISTRATION
CONSIDERATIONS

Much of the data surrounding TXA use in the operative setting sup-

ports weight-based dosing that has been shown to sufficiently inhibit

fibrinolysis and reduce transfusion requirements.61,62 However, given

the frequent emergent nature of traumatic and non-traumatic head

injuries where it may often be difficult to estimate or determine a

patient’s weight, fixed-dosing strategies aremore appealing to stream-

line therapy, especially in the prehospital setting where minimal dose

preparation manipulations are key. In CRASH-2, the dose that was

selected (1 g intravenous bolus followed by an infusion of 1 g given

over 8 hours), and subsequently carried over in many other prospec-

tive studies, was based on trials carried out in surgical patients and

was thought to maximize efficacy and safety in both larger (>100 kg)

and smaller (<50 kg) patients.19 However, there is a paucity of litera-

ture examining the differences in outcomes in obese versus non-obese

patients with fixed-dose TXA in non-operative indications, and major

trials did not report differences based on patient weight subgroups.

Franz et al sought to address this gap by collecting data on 165

patients who received fixed-dose TXA for non-operative indications

(≈20% with trauma listed as bleed type).63 They found that there

were no differences in blood product administration or other sec-

ondary clinical outcomes between patients <100 kg or ≥100 kg who

received fixed-dose TXA.63 Taken together, it likely remains appropri-

ate to give fixed-dose TXA for indications other than surgical-related

bleeding.

Another consideration regarding TXA use, especially in the pre-

hospital setting, is whether the intramuscular route is feasible and

efficacious compared with the intravenous route without compromis-

ing safety. Major trials previously discussed in this review all required

intravenous administration of TXA, so it remained unclear how the

intramuscular route would affect outcomes. Using pharmacokinetic

modeling after a single TXA 1 g intravenous dose, a study carried

out in 30 trauma patients with bleeding found that the time to reach

therapeutic TXA serum concentrations was within 15 minutes after

a single intramuscular TXA 1 g injection.64 Furthermore, intramus-

cular TXA was well tolerated in this study, and this group’s findings

carry important implications regarding the use of TXA in time-sensitive

indications such as traumatic and non-traumatic intracranial hemor-

rhage, especially in settings where advanced treatment options are

limited. Further studies, particularly in patients with trauma, should

investigate the use of intramuscular TXA especially in the prehospi-

tal setting. Furthermore, a bolus-only regimen may also allow greater

feasibility in prehospital and military settings, which served as the

basis for including a 2 g intravenous bolus-only treatment arm in the

study by Rowell et al.22 In this investigation, however, the time to

study drug administration from injury and number of infusion-related

deviations were similar between all groups. It remains unclear if a

bolus-only dosing strategy would amount to differences in any clinical

outcomes as neurologic outcomes and mortality were similar between

the 3 treatment arms, but this could be an interesting area of future

research.
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F IGURE 1 Patient assessment pathway after presentation to the hospital for suspected or confirmed intracranial bleeding. *Spontaneous
intracerebral hemorrhage or aneurysmal subarachnoid hemorrhage. +Assumes no concomitant extracranial traumatic injuries (ie, polytrauma
patients). GCS, GlasgowComa Scale; TXA, tranexamic acid

7 CONCLUSIONS AND FUTURE DIRECTIONS
FOR RESEARCH

The most important considerations when implementing treatment

with TXA in a patient with TBI appear to be severity of injury (eg,

baseline GCS score) and setting (hospital vs prehospital). Only patients

with mild to moderate TBI (GCS 9–15) had significantly lower mor-

tality rates in the CRASH-3 trial, which remains the largest clinical

trial in the setting of TBI and carries the greatest weight in published

meta-analyses (88%–94%),20,36,37 which raises questions regarding

the purported mechanism of TXA that would be expected to result in

more benefit in patients with severe injuries and a greater degree of

fibrinolysis. Although the CRASH-3 study did not demonstrate benefit

in the overall cohort of patients with TBI, improvements in patient out-

comes with mild to moderate TBI cannot be completely ignored when

the treatment regimen is associatedwith relatively low rates of serious

adverse events. We provide a patient assessment pathway that ratio-

nalizes the likelihood of clinical benefits with the use of TXA (Figure 1).

Future studies in TBI research will hopefully address the imbalances in

patient baseline disease severity, TXA dosing regimens, and reported

outcomes that exist with currently available trials.65

In patients with spontaneous ICH and aneurysmal SAH, the role of

TXA to improve clinical outcomes appears to be minimal. In patients

with spontaneous ICH, TXA may reduce the risk of hematoma expan-

sion and change in hematoma volume; however, it does not appear to

improve mortality or functional outcomes. Patients who might benefit

from TXA treatment include those with a baseline hematoma vol-

ume of 30–60 mL and in those receiving a combination of TXA and

tight blood pressure control.48 However, these findings are hypoth-

esis generating and may represent future research opportunities. In

patients with aneurysmal SAH, a lower risk of rebleeding must be bal-

ancedwithpotential lower likelihoodof clinicallymeaningful functional

outcomes, and management of these patients should focus on other

non–TXA-related therapies.
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